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SUMMARY  PAGE 


THE  PROBLEM 

To  evaluate  the  effect  of  repetitive  diving  and  the  long  term 
effect  of  compression/decompression  on  the  distribution  or  loss  of 
minerals,  electrolytes,  and  prqtein  metabolites  in  men  subjected 
to  standard  Navy  diving  procedures. 

FINDINGS 

No  consistent  carry-over  effect  was  observed  following  a 28- 
day  inter-dive  interval  fo r dives  to  6.7  ATA  using  air.  Reduction 
in  urine  output  with  concomitant  decreases  in  solute  excretion 
during  the  first  24  post-dive  hours  was  obviated  by  a deliberate 
increase  in  fluid  intake.  Ketosteroid  excretion  decreased  some- 
what following  the  first  dive  series  and  significantly  so  for  10  days 
post  exposure  after  the  second  series  28  days  later,  a feet  which 
suggests  an  extended  adrenal  response  to  diving  stresses. 

Serum  electrolyte  and  mineral  parameters  showed  no  con- 
sistent pattern  in  either  intra-  or  inter-dive  variability. 

APPLICATION 

Since  alterations  in  biochemical  responses  have  been  observed 
for  several  days  following  exposure  to  hyperbaric  environments, 
it  appears  that  caution  should  be  exercised  with  respect  to  frequent 
repetition  to  pressure  exposures.  Additional  work  is  obligatory  to 
ascertain  the  extent  and  significance  of  the  biochemical  phenomena 
discussed. 
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ABSTRACT 


This  study  concerns  an  evaluation  of  the  possible  effects  of  repeti- 
tive diving  and  long-term  effects  of  compression/ decompression  on 
distribution  of,  or  loss  of  minerals,  electrolytes,  and  protein  metab- 
olites in  men  subjected  to  standard  Navy  diving  procedures. 

Urinary  minerals,  electrolytes,  nitrogen  metabolites  and 
steroids,  as  well  as  serum  minerals  and  electrolytes,  were 
measured  in  Navy  divers  following  short  exposures  to  air  at  6.7 
ATA.  A comparison  was  made  between  two  similar  dives  per- 
formed 28  days  apart. 

Increased  fluid  intake  apparently  prevented  the  reduction  in 
urinary  output,  with  its  concomitant  decreases  in  mineral  and 
nitrogen  metabolite  excretion,  that  had  been  previously  observed 
during  the  first  post-dive  day.  Urinary  ketosteroid  excretion  was 
slightly  reduced  after  the  first  dive  and  decreased  significantly 
for  up  to  10  days  following  the  second  hyperbaric  exposure.  This 
observation  suggests  prolonged  adrenal  responses  to  the  stresses 
of  compression/decompression. 

Although  serum  ionized  and  total  calcium,  and  magnesium  levels 
showed  considerable  variability  in  this  diving  protocol,  no  consistent 
pattern  of  intra-  or  inter-dive  variability  was  observed.  These  and 
other  serum  parameters  measured  indicate  little  or  no  carryover 
from  the  first  to  the  second  dive  series  performed  28  days  later. 
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BIOCHEMICAL  RESPONSES  TO  A 28-DAY  INTERVAL 
BETWEEN  EXPOSURES  TO  AIR  AT  6.7  ATA 


INTRODUCTION 

Alterations  in  blood  and  urinary 
minerals  and  electrolytes  have 
regularly  been  observed  during  ex- 
posure to  pressurization  with  subse- 
quent decompressions,  Li5,i6  j^g 
been  suggested  that  these  changes 
may  be  attributed  to  hyperventilation 
and  fluid  shifts 17 , increases  in 
corticosteroid  and/or  aldosterone 
secretion8,  or  alterations  in  mem- 
brane permeability  due  to  inert  gas 
narcosis2. 

Rats  exposed  to  severe  decompres- 
sion stress  have  been  shown  to  exhibit 
serum  and  urinary  mineral  and  elec- 
trolyte changes  for  up  to  5 days  post- 
decompression5. Of  greater  impor- 
tance to  the  operational  diver  are  the 
findings  of  prolonged  biochemical 
responses  following  apparently  non- 
injurious  dives  and  decompression. 
Urinary  mineral,  electrolyte,  and 
nitrogen  metabolites  were  altered 
for  up  to  4 days  following  exposure  to 
air  at  2 and  7 ATA  for  45  minutes9, 
and  for  up  to  7 days  following  a 
simulated  dive  in  air  to  100  ESW  for 
60  minutes*8 . 

It  is  known  that  exposures  to  hyper- 
baric environments  result  in  biochem- 
ical alterations  of  several  days  dura- 
tion, and  certain  potential  effects  of 
diving  appear  cumulative  4>n  and  may 
be  related  to  the  frequency  and  type  of 
pressure  experience.  Therefore,  the 
relationship  between  interdive  interval 
and  the  accumulative  affect  of  re- 


peated pressure  insults  was  considered 
appropriate  for  investigation. 

MATERIALS  AND  METHODS 

Four  Navy  divers  participated  in  these 
studies.  The  simulated  dives  commenced 
at  0830,  Tuesday  through  Friday,  ex- 
posing one  diver  per  day  to  6.7  ATA  (188 
feet  sea  water  equivalent).  Compression 
occurred  at  the  rate  of  75  ft/min.  Time 
on  the  bottom  was  40-45  minutes,  and 
decompression  was  performed  according 
to  the  Navy  Standard  Diving  Air  Tables 
(190  feet  for  50  min.)28  . Twenty-eight 
days  after  the  dive  the  above  procedure 
was  repeated  using  the  same  subjects. 

Prior  to  his  dive  each  man  collected 
five  consecutive  24-hour  acidified  urine 
specimens  to  serve  as  controls.  Since 
no  individual  voidings  were  collected 
during  the  dives,  the  urine  samples  for 
the  first  post-dive  days  also  contained 
the  urine  produced  during  the  dive 
period. 

Twenty-four  hour  urine  collections 
were  made  for  10  post-dive  days.  During 
these  studies  the  men  refrained  from 
eating  ice-cream,  gelatin  or  soft  candy 
since  these  materials  contain  large 
amounts  of  hydroxyproline.  The  method 
of  Hosley  et  al 10  was  used  to  determine 
urinary  hydroxyproline  excretion. 

Blood  samples  were  drawn  3 days, 

1 day  and  immediately  prior  to  the  dives 
with  the  average  values  serving  as  the 
control  for  each  man.  Blood  was  again 
withdrawn  1 hour  post-surfacing  and 
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1,  3,  5,  and  7 days  following  the 
dives. 

Serum  to  be  analyzed  for  ionized 
calcium  was  maintained  anaerobically 
and  the  level  of  ionized  calcium  was 
determined  using  an  Orion  specific 
ion  flow-through  electrode  Model 
99-20. 

Total  serum  and  urinary  calcium 
and  magnesium  were  measured  in  a 
Perkin-Elmer  Model  306  atomic 
absorption  spectrophotometer. 
Inorganic  phosphorus  was  determined 
by  a Technicon  Autoanalyzer  using  a 
modification  of  method  N-82  I/II 
while  urea  nitrogen,  uric  acid,  and 
creatinine  measurements  were  made 
using  techniques  N-13b  and  N-38a. 
Sodium  and  potassium  were  measured 
in  an  Instrumentation  Laboratory 
Model  343  flame  photometer;  a 
Fiske  Osmometer  Model  G62  was  used 
to  determine  osmolality. 

Urine  samples  were  analyzed  for 
17-ketosteroids  by  the  automated 
procedure  of  Zak  et  al 21  following 
preliminary  hydrolysis,  extraction 
with  methylene  chloride,  two  washings 
of  the  extracts  with  10%  NaOH, 
evaporation,  and  re -solubilization 
with  the  methanol.  The  same  color 
development  technique  was  used  for 
hydroxysteroid  analysis  following 
treatment  of  the  urine  samples  ac- 
cording to  the  procedure  of  Few5  as 
modified  by  Metcalf H . 

Data  analyses  and  statistical 
computations  were  performed  using  a 
Data  General  Nova  1220  computer. 


RESULTS  AND  DISCUSSION 

Urine 

Fluid  intake  and  total  daily  excretion 
of  an  extensive  list  of  urinary  components 
following  the  first  dive  series  (Dive  I)  are 
presented  in  Table  I while  Table  II  shows 
results  for  the  same  parameters  following 
the  second  series  (Dive  II)  performed  28 
days  later.  In  each  table  the  test  for 
significant  difference  from  the  average 
control  values  is  based  on  a paired  t-test 
analysis. 

Although  significant  changes  occurred 
in  various  parameters  following  both 
dives,  there  appeared  to  be  no  consistent 
pattern  of  response  in  any  parameter, 
other  than  the  ketosteroid  excretion, 
that  could  be  attributed  to  the  pressure 
exposures.  Similar  ketosteroid  re- 
sponses were  reported  in  an  earlier 
study  following  exposures  to  increased 
air  pressures  of  2 and  7 ATA9.  The 
reduced  17 -ketosteroid  excretion  ob- 
served in  both  the  previous  and  present 
studies  is  analogous  to  the  decrease 
reported  during  periods  of  stress7’^ 
and  would  support  the  idea  that  a stress- 
like syndrome  of  several  days  duration 
follows  exposure  to  increased  air  pres- 
sures. When  the  urinary  data  were 
calculated  per  gram  of  excreted 
creatinine,  a method  frequently  em- 
ployed to  minimize  the  effect  of  volume 
fluctuation,  there  was  again  no  con- 
sistent pattern  of  significant  changes 
other  than  ketosteroid  excretion. 
Moreover,  Tappan  et  al. /9  have  shown 
that  creatinine  excretion  is  not  stable 
under  stress  conditions,  but  can  be 
correlated  with  ketosteroid  alterations. 


2 


Table  EE  compares  the  total  ex- 
cretion data  obtained  during  the 
period  of  Dive  I with  those  of  Dive  II 
for  each  of  the  parameters  measured — 
i.e.,  control  vs.  control,  1 day  post- 
dive vs.  1 day  post-dive,  etc.  Again, 
significant  changes  are  evaluated 
using  the  paired  t-test.  Since  the 
means  and  standard  errors  of  the 
mean  for  each  of  the  parameters  have 
been  presented  in  Table  I and  n, 
they  are  not  included  in  Table  in  and 
only  those  results  which  differ 
significantly  at  the  5%  level  or  better 
for  each  parameter  are  indicated. 

In  predicting  the  post-dive  effects 
of  one  exposure  to  6.7  ATA  on  the 
responses  to  a similar  dive  after  a 
28  day  interval,  some  residual  effects 
on  the  excretory  patterns  might  have 
been  expected.  However,  the  signifi- 
cant difference  that  occurs  between 
the  two  control  periods  for  sodium 
and  urea  nitrogen  can  unquestionably 
be  related  to  their  particular  suscep- 
tibility to  dietary  intake.  It  may  be 
noted  that  significant  inter-dive  dif- 
ferences for  hydroxyproline,  mag- 
nesium, potassium,  and  uric  acid 
occur  in  the  complete  absence  of  any 
intra  -dive  change  s . Pho  spho  ru  s and 
Na/K  ratio  which  exhibit  inter-dive 
differences  have  noncorresponding 
within-dive  alterations,  and  the 
changes  observed  in  ketoseteroid  and 
solute  excretion  have  coincidental 
intra -dive  significant  alterations. 

Since  inspection  of  Table  EE  reveals 
a scattered  and  apparently  unbiased 
pattern  of  inter-dive  changes,  we 
postulate  that  there  is  no  real  difference 
between  the  two  dives  and  that  any 
residual  biochemical  alterations  follow- 


ing Dive  I have  been  attenuated  and  are 
not  reflected  in  the  responses  to  Dive  II 
made  28  days  later.  Thus  the  two  dives 
can  be  considered  as  separate  unrelated 
exposures  to  6.7  ATA  and  their  values 
combined  to  yield  a greater  number  of 
data  points  for  each  measurement 
period. 

The  results  of  this  combination  re- 
veal significant  post-dive  changes  in 
total  24-hour  urinary  excretion  of 
calcium,  potassium,  keto-  and 
hydroxysteroids,  and  total  steroids. 
These  data  are  presented  in  Figures 
1 and  2.  In  comparing  the  present 
results  with  those  from  a previous  study 
of  exposure  to  2 and  7 ATA  in  air9,  it 
is  evident  that  there  is  no  pronounced 
decrease  on  the  first  post-dive  day  in 
urine  volume  with  concomitant  mineral 
and  electrolyte  decreases  that  char- 
acterized the  earlier  study.  Decreases 
in  urine  volume  following  exposure  to 
increased  pressure  have  been  reported 
after  both  short  term  and  saturation 
dives  in  man*’9  . These  post-dive 
decreases  in  urine  volume  have  been 
interpreted  as  a rebound  effect  from 
the  diuresis  observed  during  periods 
of  increased  pressure  and/or  a com- 
pensatory correction  of  hypovole- 
mia 1,6,9,12,17  < yhe  absence  of  a 
decrease  in  volume  excreted  on  the 
first  post-dive  day  in  the  present 
study  seems  to  reflect  the  fact  that  the 
men  were  urged  to  make  a concerted 
effort  to  increase  their  fluid  intake  on 
the  day  following  the  dive.  The  in- 
crease averaged  200  ml.  Although 
potassium  decreased  significantly  on 
the  first  post-dive  day,  the  Na/K  ratio 
was  not  altered  inasmuch  as  sodium 
excretion  also  decreased  albeit  to  a 
lesser  extent. 
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TABLE  I 


Fluid  Intake  and  Total  24  Hour  Urinary  Excretion  Following 
Exposure  to  Air  at  6.7  ATA  (Dive  I).  Mean  + SEM. 
Asterisk  (*)  Indicates  p .05  by  Paired  t-  test.  N=4 


PERIOD 

0 INT 

EXC 

HP. 

CA 

PHOS 

MG 

NA 

K 

CONTROL. 

1.651 

1.273 

37.8  3 

0.  145 

1.065 

0.075 

159.  1 

67.55 

0.239 

0.  055 

3.40 

0.  0 15 

0.  164 

0.  004 

21.0 

10.22 

POST  DV 

2.418 

1.573 

41.67 

0.  133 

0.887 

0.072 

139.  1 

52.53 

I DV 

0.459 

0.262 

7.70 

0.039 

0.237 

0.014 

54.2 

3.01 

POST  DV 

1.8  13 

1.092 

23.67 

0.  ill 

0.705 

0.069 

154.3 

64.  14 

2 DV 

0.289 

0.  275 

5.43 

0.019 

0.  129 

0.014 

27.9 

14.53 

POST  DV 

2.  538. 

1.610 

41.  37 

0.  155 

0.902 

0.038 

231.3 

82.93 

3 DV 

0.  506 

0.  142 

3.96 

0.041 

0.  196 

0.009 

54.2 

12.43 

POST  DV 

1.555 

1.  59  3 

41.62 

0.  152 

0.942 

0.03  6 

241.5 

80.48 

4 DV 

0.253 

0.  106 
* 

0.93 

0.022 

0.09  7 

0.011 

22.4 

10.07 

POST  DV 

1.721 

1.  339 

41.  39 

0.  18  5 

0.990 

0.036 

190.3 

70.66 

5-6  DV 

0.  157 

0.059 

5.64 

0.034 

0.  271 

0.011 

24.6 

7.41 

POST  DV 

1.724 

1.  144 

29.  01 

0.  103 

0.695 

0.058 

137.5 

57.05 

7-8  DV 

0.  319 

0.278 

6.63 

0.018 

0.037 

0.013 

21.4 

t 1.77 

POST  DV 

1.564 

1.  294 

39.34 

0.  166 

1.099 

0.088 

218.8 

72.20 

9-10  DV 

0.225 

0.  162 

3.  13 

0.  034 

0.  147 

0.'  009 

43.7 

9.96 

#INT  = fluid  intake,  1;  EXC  = urinary  excretion,  1;  HP  = hydroxy- 
proline,  mg;  CA  = calcium,  gm;  PHOS  = inorganic  phosphorus,  gm; 
MG  = magnesium,  gm;  NA  = sodium,  mEq;  K = potassium,  mEq. 
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TABLE  I 

Fluid  Intake  and  Total  24  Hour  Urinary  Excretion  Following 
Exposure  to  Air  at  6.7  ATA  (Dive  1).  Mean  + SEM. 
Asterisk  (*)  Indicates  p < .05  by  Paired  t-test.  N=4 

(continued) 


PERIOD 

» UN 

UA 

CRT 

XS 

OHS 

OSH 

NA/K 

TSTR 

CONTROL 

8.79  3 

0.963 

1.733 

19.23 

17.05 

0.330 

3.094 

36.34 

0.  263 

0.054 

0.  135 

0.61 

1.  15 

0.  075 

0.  318 

1.49 

POST  DV 

5.313 

0.925 

1.  258 

18.96 

19.39 

0.  734 

4.222 

38.35 

I Vf 

0.571 

0.  127 

0.  163 

2.  33 

3.41 

0.  195 

1.445 

4.57 

* 

* 

POST  DV 

4.738 

0.723 

1.060 

IS.  34 

16.80 

0.79  5 

2.673 

32.  15 

2 Vf 

1.  114 
* 

0.  189 

0.  18  7 

3.59 

3.57 

0.  151 

0.697 

6.90 

POST  DV 

7.63  0 

0.930 

1.512 

16.8  1 

20.73 

1.  102 

4.501 

37.54 

3 Vf 

1*242 

0.  121 

0.  162 

4 

1.46 

2.03 

0.  171 

0.722 

3.37 

POST  DV 

7.946 

1.  145 

1.645 

18.  14 

22.8  5 

1.042 

4.822 

40.99 

4 Vf 

0.  518 

0.073 

0.032 

2.22 

2.55 

0.044 

0.387 

* 

4.65 

POST  DV 

8.510 

0.984 

1.695 

17.91 

22.94 

1.018 

3.757 

40.85 

5-6  Vf 

1.  122 

0.  180 

0.284 

0.  46 

1.00 

0.  1 19 

0.255 

1.  15 

* 

* 

POST  DV 

5.8  26 

0.9  26 

1.  313 

13.83 

18.09 

0.755 

2.831 

31.92 

7-8  Vf 

0.840 

* 

0.  152 

0.214 

2.95 

4.28 

0.  1 12 

0.527 

7.  14 

POST  DV 

7.653 

1.200 

1.616 

10.69 

15.75 

1.067 

3.967 

26.43 

9-10  Vf 

0.  301 

0.207 

0.115 

0.8  0 

1.70 

0.  123 

0.774 

2.39 

# 

* 

* 

#UN  = urea  nitrogen,  gm;  UA  = uric  acid,  g;  CRT  = creatinine,  gm; 
KS  = ketosteroids,  mg;  OHS  = hydroxysteroids,  mg;  OSM  = osmoles ; 
NA/K  = sodium/potassium  ratio;  TSTR  - total  steroids,  mg. 
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TABLE  II 

Fluid  Intake  and  Total  24  Hour  Urinary  Excretion  Following 
Second  Exposure  to  Air  at  6.7  -ATA  (Dive  H)  Performed  28 
Days  after  Dive  I.-  Mean+  SEM 
Asterisk  (*)  Indicates  p<.05  by  Paired  t-test.  N=4 


PERIOD 

0 XNT 

EXC 

HP 

CA 

PHOS 

MG 

NA 

X 

CONTROL, 

2*033 

1*  354 

29.96 

0.  201 

1.300 

0.111 

200.  7 

74.42 

0.  4S1 

0.  171 

4.60 

0.041 

0.  219 

0.013 

31.6 

913  1 

POST  DV 

1.735 

1.415 

30.82 

0.  205 

1.351 

0.  1 1 1 

171.7 

67.73 

I DV 

0.296 

0.  200 

4.51 

0.  076 

0.  232 

0.022 

40.9 

7.93 

POST  DV 

1.835 

1.385 

27.45 

0.  16  3 

1.017 

0.  102 

177.  1 

62.  34 

2 DV 

0.  157 

0.089 

3.  19 

0.  037 
* 

0.  19  0 

0.014 

18.  1 

10.01 

POST  DV 

1.715 

1.  225 

25.  48 

0.  18  2 

1.356 

0.  102 

182.9 

70.21 

3 DV 

0.  108 

0.  173 

4.48 

0.038 

0.229 

0.008 

43.3 

12.71 

POST  DV 

1.880 

1.  108 

30.  36 

0.  162 

1.661 

0.09  3 

159.6 

68.73 

4 DV 

0.  223 

0.  137 

3.85 

0.  050 

0.  243 
* 

0.  019 

27.  1 

1 1.22 

POST.  DV 

1.678 

1.391 

27.52 

0.  203 

1.462 

0.  1 10 

163.4 

66.  03 

5-6  DV 

0.  054 

0.  133 

1.89 

0.  047 

0.  164 

0.016 

10.5 

8.66 

POST  DV 

1.829 

1.423 

27.03 

0.  155 

1.  183 

0.098 

18  5.7 

70.28 

7-8  DV 

0.214 

0.  224 

1.98 

0.  027 

0.  024 

0.017 

20.4 

8.33 

POST  DV 

1.901 

1.  296 

25.  57 

0.  176 

1.211 

0.093 

146.5 

62.57 

9-10  DV 

0.256 

0.  201 

3.29 

0.  040 

0.  162 

0.013 

35.0 

15.23 

* * 


#INT  = fluid  intake,  1;  EXC  = urinary  excretion,  1;  HP  = hydroxyproline,  mg; 

CA  = calcium,  gm;  PHOS  = inorganic  phosphorus,  gm;  MG  = magnesium,  gm; 
NA  = sodium,  mEq;  K = potassium,  mEq. 

(continued  on  facing  page) 
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, TABLE  II 

Fluid  Intake  and  Total  24  Hour  Urinary  Excretion  Following 
Second  Exposure  to  Air  at  6.7  ATA  (Dive  H)  Performed  28 
Days  after  Dive  I.  Mean+  SEM. 

Asterisk  (*)  Indicates  p .05  by  Paired  t-test.  N=4 

(continued)  . 


period 

0 UN 

UA 

CRT 

KS 

OHS 

OSM 

NA/K 

TSTR 

CONTROL 

4.796 

0.9  1 1 

T.  699 

13.43 

13.98 

0.93  r 

3.697 

37.41 

0.715 

0.  179 

0.  254 

2.  32 

1.  12 

0.  140 

0.415 

3.44 

POST  DV 

5.  545 

3.923 

1.737 

10.  10 

13.60 

0.922 

3.375 

23.70 

i nr 

3.79  3 
* 

0.  223 

0.  231 

1.67 

:* 

2.20 

0.  127 

1.  153 

3.  75 
* 

POST  DV 

5.273 

0.996 

1.603 

3.99 

19.23 

0.874 

4.  133 

28.37 

2 DV 

0-736 

0.  231 

0.217 

1.  27 
* 

3.33 

0.03  2 

0.524 

4.  44 

POST  DV 

5.  633 

0.304 

1.  737 

10.  1 1 

20.02 

0.934 

3.  199 

30.  13 

3 DV 

3.921 

0.  245 

3.  254 

1.  33 

3.29 

0.  144 

0.722 

4.67 

POST  DV 

7.  235 

0.9  15 

2.  159 

13.00 

23.96 

0.9  53 

2.  565 

36.96 

4 DV 

1.610 

3.  133 

0.  346 

1.62 

;* 

3.21 

0.  173 

0.  313 
* 

4.  32 

POST  DV 

7.512 

0.623 

2.  045 

1 1.27 

24.65 

0.993 

3.604 

35-92 

5-6  DV 

1.639 

0.  166 

0.  262 

0.47 

* 

1.  46 
* 

0-104 

0.  575 

1.27 

POST  DV 

S.  59  0 

0.366 

.1. 726 

1 1.90 

24.  02 

0.943 

3.772 

35.92 

7-3  DV 

0.  376 

0.  062 

0.  99  4 

0.3  2 

3.9  1 

0.072 

0.434 

4.67 

POST  DV 

5.  997 

0.676 

1.661 

1 1.  14 

13.56 

0.352 

3.032 

30.00 

9- 13  DV 

3.  537 

0.  16  1 

0.  1 1 1 

0.  73 
* 

1.05 

0.  135 

0.502 

1.69 

* 

#UN  = urea  nitrogen,  gm;  UA  = uric  acid,  g;  CRT  = creatinine,  gm; 
KS  .=  ketosteroids , mg;  OHS  - hydroxysteroids,  mg;  OSM  = osmoles'; 
NA/K  = sodium/potassium  ratio;  TSTR  = total  steroids,  mg. 
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Fig.  1.  Total  urinary  excretion/24  hours.  Combined 

data  of  Dives  I and  II  for  potassium  and 
calcium.  Mean+SEM.  N=8. 


Fig.  2.  Total  urinary  excretion/24  hours.  Combined 
data  of  Dives  I and  II  for  ketosteroids, 
hydroxy  steroids,  and  total  steroids.  Mean 

+SEM.  N - 8. 


The  decrease  in  ketosteroid  excretion, 
nonsignificant  in  Dive  I and  significant  in 
Dive  II,  when  combined  into  a single 
study  demonstrates  a significant  change 
(Figure  2) . This  further  supports  earlier 
observations  that  an  extended  period  of 
time  is  required  for  biochemical  equi- 
libria to  become  re-established  following 
exposure  to  compression/decompression, 
and  emphasizes  that  recovery  from  M 
multifactor  stress  requires  more  time 
than  is  needed  to  induce  the  stress. 

Serum 

The  data  recorded  from  the  sera 
obtained  fallowing  Dives  I and  II  are 
presented  in  Tables  IV  and  V,  respec- 
tively. Of  the  parameters  measured, 
serum  ionized  calcium  levels  are 
significantly  lowered  following  the 
initial  exposure  to  6.7  ATA  (Table  IV). 
This  decrease  occurred  by  one  hour 
and  lasted  through  one  day  post-dive. 

This  phenomenon  was  not  observed 
following  Dive  II  performed  28  days 
later.  Changes  in  total  calcium  were 
observed  after  both  dives  on  the  3rd 
post-dive  day;  a significant  decrease 
following  Dive  I and  a significant  in- 
crease after  Dive  II.  Elevations  in 
serum  magnesium  occurred  on  the  7th 
post-dive  day  following  both  exposures. 

An  increase  in  magnesium  was  also 
observed  on  the  3rd  post-dive  day  of 
Dive  II  as  well  as  an  increase  in 
potassium  on  the  5th  day.  Again  intra- 
dive alterations  appear  to  be  unrelated 
to  inter-dive  changes  and  indicates  that 
no  real  difference  exists  between  the 
two  dives  that  could  be  attributed  to 
residual  effects  from  Dive  I.  Thus 
these  data  from  Dive  I and  Dive  II  have 
also  been  combined.  The  combined 
data  reveal  significant  post-dive  changes 
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TABLE  IV 

Effect  of  Initial  Exposure  to  Air  at  6.7  ATA  (Dive  I)  on 
Serum  Minerals  and  Electrolytes.  Mean  + S EM. 
Asterisk  (*)  Indicates  p < .05  by  Paired  t-test.  N=4 


PERIOD 

CA 

PHOS 

MG 

NA 

K 

MOSM 

UN 

CONTROL 

5.419 
0.  063 

9.  167 
0.  159 

3.653 
0.  539 

1.903 

0.059 

134.2 

0.3 

3.9  33 
0.  126 

296.9 

3.7 

16.77 

1.75 

POST  DV 
1 HR 

5.  143 
0.09  1 
* 

9.375 
0.  342 

3.  650 
0.433 

2.005 
0.  040 

133.9 

0.7 

3.975 
0.  1 18 

294.5 

3.6 

13.00 

0.00 

POST  DV 
1 DY 

5.230 

0.087 

* 

9. 325 
0.  175 

3.725 
0.  477 

1.977 

0.063 

135.0 
1.  1 

4.350 

0.206 

* 

295.5 
2.  1 

13.37 

1.89 

POST  DV 
3 DY 

5.292 
0.  122 

9.025 
0.  130 
* 

3.  225 
0.437 

1.863 

0*053 

133.6 

0.5 

3.875 

0.085 

296  .5 
5.6 

15.  12 
1.69 

POST  DV 
5 DY 

5.410 

0.038 

9.275 
0.  19  3 

3.925 
0.  39  0 

1.870 

0.046 

134.7 

0.6 

4.  125 
0.  19  3 

30 1. 0 
3.8 

19.75 

0.75 

POST  DV 
7 DY 

5.  298 
0.  150 

9.025 

0.246 

3.625 
0.  453 

1.953 
0.  065 

134.3 
0.  3 

3.925 

0.272 

298.2 

3.4 

13.  75 
2.  13 

* 


# CA++  = ionized  calcium,  mg% 

CA  = total  calcium,  mg% 

PHOS  = inorganic  phosphorus,  mg% 
MG  = magnesium,  mg% 

NA  = sodium,  mEq/1 
K = potassium,  mEq/1 
MOSM  = milliosmoles/1 
UN  = urea  nitrogen 
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TABLE  V; 

Effect  of  a Second  Exposure  to  Air  at  6.7  ATA  (Dive  II) 
Performed  28  Days  after  Dive  I on  Serum  Minerals  and 
Electrolytes . Mean  + SEM . 

Asterisk  (*)  Indicates  p<  .05  by  Paired  t-test.  N=4 


PERIOD 

0CA,** 

CA 

PROS 

NO 

NA 

K 

MOSM 

UN 

CONTROL. 

5.  023 
0*  055 

9.09  2 
0.  104 

3.  167 
0.  202 

1.733 
0.  023 

135.  1 
0.9 

3.333 
0.  190 

23  7.3 
3.  3 

19.42 
0.8  1 

POST  DV 
1 HR 

4.760 
0 . 179 

9.  125 
0.  132 

3.  425 
0.  197 

1.343 

0.077 

133.2 
0.  4 

3.775 
0.  125 

28  6 .7 
4.2 

19. 37 
0.85 

POST  DV 
1 DV 

4.973 
0.  1 27 

3.733 

0.406 

3.303 

0.404 

1.733 

0.072 

134.2 

0.2 

3.933 
0.  145 

28  1.3 
4.9 

19.33 

1.09 

POST  DV 
3 E v 

4.360 
0.  1 16 

9.275 

0.  Ill 
* 

3.225 

0.253 

1.795 

0.037 

* 

134.7 

0.4 

4.  125 
0.  197 

29  1.0 
3.3 

17.75 
1 *’9  3 

POST  DV 
5 DV 

5.050 
0.  144 

9.  150 
0.499 

2.  650 
0.  144 

1.307 
0.  096 

134.3 

0.9 

4.225 
0.  125 
* 

23  3.8 
6.7 

16.62 

1.57 

POST  DV 
7 DV 

4.350 

0.132 

9.475 
0.  366 

3.225 

0.259 

1.320 
0.  050 

133.7 

0.3 

4.525 

0.232 

290.5 

4.0 

19.25 

0.72 

* 


CA++ 

= ionized  calcium,  mg% 

CA 

= total  calcium,  mg% 

PHOS 

= inorganic  phosphorus,  mg% 

MG 

= magnesium,  mg% 

NA 

= sodium,  mEq/1 

K 

= potassium,  mEq/1 

MOSM 

= milliosmoles/1 

UN 

= urea  nitrogen,  mg% 
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in  serum  ionized  calcium,  magnesium, 
and  potassium,  and  these  results  are 
presented  in  Figure  3.  Although  post- 
dive blood  data  were  not  available 
from  previous  dives  to  2 and  7 ATA 
using  air9,  other  studies  of  bio- 
chemical responses  of  men  to  simu- 
lated air  dives  to  100  feet 18  have 
shown  oscillations  in  several  serum 
constituents.  In  the  latter  studies, 
serum  potassium  decreased  signifi- 
cantly immediately  post-dive  fol- 
lowed by  a gradual  return  to  control 
values  by  the  fifth  post-dive  day.  On 
the  other  hand,  serum  potassium 
levels  rose  significantly  on  the  third 
and  fifth  days  in  the  present  study 
while  serum  ionized  calcium  de- 
creased significantly  one  hour  and 
one  day  after  exposure. 


Fig.  3.  Combined  data  of  Dives  I and  II  for  serum 
concentrations  of  potassium,  magnesium, 
and  ionized  calcium.  Mean  + SEM.  N = 8. 


The  comparison  of  results  among 
several  different  types  of  single  dives 
using  air,  or  between  two  essentially 
identical  dives  with  at  least  28  day 
inter-dive  intervals,  leads  one  to  con- 
clude that  within  the  protocol  of  "safe" 
dives,  individual  variability  of  the 
divers,  or  subtle  differences  in  diving 
procedures  such  as  compression  rate 
or  work  performed,  profoundly  alters 
the  kind  and/or  direction  of  the  bio- 
chemical changes  observed.  This  is  not 
to  say,  however,  that  minimal  or  sub- 
threshold alterations  in  biochemical 
parameters  are  not  cumulative  and 
may  be  detrimental  to  the  health  of 
the  divers.  The  development  of  aseptic 
osteonecrosis  occasionally  observed  in 
divers  following  multiple  pressure 
exposures  4,i 1 may  well  reflect  such 
phenomena.  Repetitive  dives  with  short 
inter-dive  intervals  may  shed  some 
light  on  possible  cumulative  biochemical 
effects  of  hyperbaric  exposure. 
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